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APSTRACT 


me 2 


; Tests of a 9 percent Gemini B model were conducted in the 
McDonnell Hypervelocity Impulse Tunnel. from 15 May to 18 May 1957 
and from 1 November to 15 November 1957. > A total of 25 data 
producing shots were made at Mach numbers ranging from 1? to 17, 
and Reynolds number per foot ranging from 1.0 X 10° to 2.0 x 106. 
The model was tested at angles of attack of 160°, 165°, and 170° 

The initial three test shots assisted in determining the 
heat transfer and pressure gage locations by determining the 
areas of high heating behind the lower re-entry module/adapter 
fairing. This was accomplished by the use of thermographic phos- 
phor temperature mapping techniques. 

The remaining 22 test shots determined the heat transfer 
rate and pressure distributions on the re-entry module in the 


erea behind the noted fairing and along the windward centerline. ‘ \ 
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1. INTRODUCTION 


1.2 IDEVITIFICATIO: OF TEST 


Model: Gemini B 

Seale: 9 Percent 

Series; I 

Test Detes: Phase I - 15 May through 18 May 1967 


Phase II - 1 November through 15 November 1967 
Type of Test: Heat Transfer and Pressure 


Security Classification: 


Model -~ Unclassified 
Photographs - Unclassified 
Sketches ~ Unclessified 
Data - Unclassified 
Report - Unclassified 


Test Request Nunber: TR 053-ATD.02 

1.2 BACKGROUND. The lower re-entry module/adapter interconnect fairing 
was redesigned for the Gemini B program in an effort to reduce the heating on 
the afterbody shingles. Wind tunnel testing was required to determine the 
effect of the redesigned f. ring on the afterbody heating. 

1.3 PURPOSE OF TEST. The purpose of these tests was to locate and 
quantitatively define the areas of high aerothermodynamic heating on the 
Gemini B afterbody behind the re-entry module/adapter interconnect fairing, 
and to obtain comparative data on a NASA Gemini re-entry module to adapter 
fairing configuration and on a no fairing configuration. One-view thermo- 
graphic phosphor photographs were taken on the first thre; shots to determine 
the areas of high heating. Heat transfer and pressure dati were taken in the 
@rea behind the Prairie and along the windward centerline of the model. 

1.4 SCOPE. A 9 percent model of the Gemini B re-entry module was 


instrumented with 20 heat transfer and 20 pressure gages after their locations 
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were determined by thermographic mapping photographs and other wind tunnel 


tests (Reference 1). Heat transfer and pressure data were recorded throughout 
the tests. 
A total of 25 data producing shots were made at angles of attack of 160, 
165, and 1 degrees. Mach nunbers ranging from 13 to 17 were used with 
Reynolds numbers per foot of from 1.0 X 10° to 2,0 X 10°. Details of theses 
tests are outlined in the Run Schedule on page 12. 
1.5 TEST PERSOMVEL 
Test Director: R. D. Hardin 
Test Engineer: A. F. Kaufman 
Data Engineer: R. K. Morford 


Thermodynamics Representative: G. L. Lacanski 


eee 
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2. TEST SETUP 


2.1 FACILITY. These tests were conducted in the McDonnell Hypervelocity 
Impulse Tunnel (HIT). This tunnel is an arc discharge “hotshot" type tunnel 
employing a contoured (parallel flow) nozzle with a free jet test cabin. 
Nitrocsen is used as the test gas and the duration of @ noriieal run is approxi- 
mately 100 milliseconds. The facility is shown in the sketch on page 17. 

2.2 MODEL DESCRIPTION. The wodel used for these tests was a sting 
supported 9 percent scale model of the Gemini B spacecraft. It consisted of 
& heavy-wall aluninum afterbody and heat shield with provision for inter- 
changeable MASA Gemini and Gemini B interconnect fairings. The recovery section 
and the reaction control system compartment were built as an integral part of 
the sting. See sketch on page 18. Tne model was fabric.ted in such a way as 
to allow access to the required instrumentation through the heat shield. The 
model was coated with an insulating epoxy paint (DeSoto Super 521-002) for all 
shots on which thermographic mapping photographs were required. 

Three heat transfer gages were used behind the fairing during the three 
Phase I shots. Their locations can be found in Table I, page 14. The sub- 
sequent 22 shots made use of 20 heat transfer gages and 20 pressure gages 
located in the region affected by the noted fairing and on the windward side 
of the model. Their locations can be found ir Table JI, page 15, and on the 
sketch on page 20. The photograph on page 27 shows the gage locations behind 
the fairing and on the windward centerline. 


2.3 MODEL INSTALLATION. The model was installed in the tunnel on the 


HF-6200 inertial support system, as shown in the sketch on page 21. In order 


to obtain thermographic mapping photographs in the region of interest, the 
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model was rolled, and pitched in a plane which is inclined 45 degrees relative 
to the tunnel vertical centerline, as shown in the sketch on page 22. 

The 58W0300005 Sector Support Mechanisin allows the model to be tested at 
160°, 165°, and 170° angle of attack. 

To obtain optinum lighting for the thermographic mapping photographs 
the model heat shield was located et tunnel station 971.5. 

To keep the model movement to a minimum, cables were used to retard axial 
movement of the support system. For the restriction of vertical movement, 
the springs on the inertial support pod were locked out of the systen. 

2.4 INSTRUMENTATION. Heat transfer gages of the n-p germanium type 
(Reference 2) were used at all points on tke model. A sketch of this gaze can 
be found on page 25. 

Twenty Hidyne variable reluctance pressure traheduears (Reference 3) were 
used for the pressure measurements. A sketch of this gage can be found on 


page 26. 

Vhe test section instrumentation consisted of two hemisphere cylinder 
heat transfer probes and two pitot probes. Each one-inch diameter hemisphere 
cylinder contained a standard Mo-Re surface thermocouple gage located at the 
stagnation point. Two variable reluctance Hidyne transducers were used to 
instrument the pitot probes mounted on the north and south side of the tunnel. 
The location of the hemisphere cylinders and pitot probes can be seen on the 
sketch on page 24, 

The arc chamber pressures were measured using two 0 to 30,000 psi McDonnell 
fabricated transducers. 

The sketches on page 26 show the temperature and pressure measuring 
devices used during these tests. 

2.5 THERMOGRAPHIC MAPPING SYSTEM. The HIT thermographic mapping system 


provides an optical method of determining areas of high heat transfer rates 


on model surfaces. 
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The instrumentation on the model was masked end the model was coated with 
Radelin 1&0, a low temperature phosphor, approxinately & ta 25 microns thick. 
Wnen illuminated with ultraviolet (J/) light, the surface of the model 
fluoresces in the yellow-green spectrun at a level which is a function of the 
local conperavune: Lov-tenperature rerions appear bright while hicher texperc- 
ture regions are darkened, 

2.6 CAISLA AND LIGHTING SSTUP. The required photosrephic equipment and 
arranpenent is presented in a sketch on page 23. A Calumet Model CC-400 view 
canera equipped with a 7-inch focal-length f/2.5 lens was used to obtain thermo- 
graphic photographs. A mereury vapor ultraviolet lisht source, rowered by a 
1200 volt DC power supply, was installed next, to the camera on the south side 
of the test cabin, A backlighting fixture was installed on the north side -f 
the test cabin Lo provide a contrast between the quenched (darkened) portion 
of the model and the darkened tunnes. 

An approxinate 20 millisecond exposure tine using ASA 3000 Polaroid filn 
was required to obtain the desired photographic result. 

2.7 DATA SYST. Al raw data were amplified through the HIT 20 KC 
Plus-In carrier azplifier system or the 2.4 KC Sanborn carrier amplifier 


5, sten. Data were recorded in analog form on magnetic tape using a Honeywell 


Fii tape recorder. The anaiog-to~digital conversion of the recorded data was 


made on a multichannel data processor which is part of the McDonnell Central 


Data Acquisition Systen. 


The test section conditions, are chamber conditions, 


and heat transfer rates were computed at the McDonnell Automation Center on 


the IEM 360 computer using the 109G data reduction program. 
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4, TEST PROCEDURE 


A total of 25 data producing shote were fired during these tests. The 
first three shots were mje at a Mach nuzber of 13 and a Reynolds number per 
foot of 2.0 X 10° and at angles of attack of 160°, 165°, and 170°. Thermo- 
graphic phosphor data from these runs were used to assist in determining the 
heat transfer and pressure gage locations. 

The remaining 22 shots were used to quantitatively determine the heat 
transfer rate and pressure distributions behind the fairing at angles of 
attack of 160°, 165°, and 170°. Mach numbers ranged from 13 to 17 and Reynolds 
numbers per foot rar,ed from 1.0 X 10° to 2.0 X 10© as noted in the Run 
Schedule on page 12. 
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5. TEST RESULIS 


Sel DATA REDUCTION. All data computed on the IDM systems 360 digital 
computes were reduced Srou raw data which were automatically faired using e 
second order polynomial curve fit routine. Computed are chamber and test 
section data are based on three measured paremeters: erc chamber pressure (P,), 
stagmation pressure behind the norual shock (Tg), and the stagnation point 
time-temperature history on @ one-inch dismeter hciaisphere cylinder, which 
yields a value for test section heat transfer rate (4). 

5.2 DATA ACCURACY. The accuracy of the measuring devices are listed below: 

Macwood Pressure Transducer: Linear to + 1 percent full scale, 
Hidyne Pressure Transducer; Linear to + 1 percent full scale. 
Germanitwe Surface Thermocouple; 5 percent at 1 Btu/ft®-scec. 
Standard Mo-Rc! Thermocouple: 5 percent at 100 Btu/ft@-sec. 

The HIT row digital data, as processed by the HIT data handling systen, 
is repeatable to within + 1 percent (+ 10 readout counts) of the systems full 
scale capacity. 

53 PRESENTATION OF DATA. Photographic results from a typical thermo- 
graphic phosphor shot can be seen on page 28. Other photographs wexe forwarded 
to the Thermodynamics ¢roup. 

Tabulated data is presented according to shot sequence, Following each 
set, cf tunnel conditions, the model heat transfer rates and pressures are 
presented for each coudition. This data can be found on payes 29 through 372 
of Volwre I and on pages 373 through 694 of Volume II. A shot index is show: an 
pages 28,1 and 372.1 to indicate the valid ren times of the pressure Gata for ¢: 


646° Guring each run, 
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1. Report No. O58-ATD.02,01, Re-entry Module/adapter Interconnect 
Fairing Yeat Transfer Wind Tunnel ‘est - AEDU Tunnel 5, by 
Gerald J. Sheldon. | 

2. IEEE Transactions on Aerospace and Electronic Systems, Volume AES-3, 


No. 4, July 1967, pages 595 ~ 603, by Kendall, Dixon, and Shulte. 
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3. Report No. AEDC-TDR-63-135. Variable Reluctance Pressure 
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Transducer Developrent, July 1963. 
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7.1 GENERAL 
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Average of North end South Heat Transfer Gases 


Starnation Enthalpy 

Mach Kunber 

Model Station 

Gage hunber 

Arc Chanber Pressure 

Test Section Stagnetion Pressure 
Model Gage Surface Pressure 
Freestrean Static Pressure 

Test Section Dynamic Pressure 
(4) Heat Transfer Rate 

Free Stream Reynolds Nuuber Per Foot 
Tine 

Arc Chamber Teaperature 
Freestreaa Static Tenperature 
Tunnel Station 

Freestream Velocity 

(Alpha) Angle of Attack 

(Phi) Yaw Angle 


(Psi) Angular distance on the model 


measured from the windward center- 


line of the nodel, toward the 
right being positive. See 
sketch on pege 22. 


* Ho data obtained 
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7.2 MODEL DRAWINGS 
Deke eae amber Description 
58w0300060 General Assembly 
580300061 Heat Shield ; 
5810300052 Fairings (xiSA) 
5810300053 Afterbdody 
5810300054 Sting 
581703000455 Model Attechnent Hardware 
52-03220 Fairings (Gemini B) : 
7.3 COMPUTER NOTATION 
E Ol = 10 E- 01 = .10 
E 02 = 100 E- C2 = .01 
etc. etc. 
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"ij BLE I 
MODEL GAGE LOCATION - PHASE I 


ee 


MODEL 
STATION 


Thermocouple 


Thermocouple 


Thermocvuple 


mac 23tuU {REV Tt AUG 61) 


bis 


LISDOW RIZAL 


29 Decenber 196 
DATE _29 December 1907 _ ST. LOUIS, MISSOURI PASE 15 

fara} ta : 
REVISEOre ace Acborr GCOL, Vol. I 
REVISEO — mocer _._Gemini B 


ss 
TABLE II 


{ODEL GAGE LOCATION - PHASE II 


PAIR TYPE OF MODEL 
NO. GAGE RANGE STATION 


1 Pressure Gaze O- .5 psi 45° 11,106 

Thermocouple 7° 30! 11.106 

2 Pressure Gage 0 - .5 psi 48° 11.457 

Thermocouple 50° ho! 11.457 

3 Pressure Gage O- .5 psi hoe 45! 11.457 

Thermocouple 43° 30! 11.457 

4 Pressure Gage O- .5 psi 53° oF 11.790 

Thermocouple 50° 20! 11.790 

5 Pressure Cage O- .5 psi 45° 30! 11.790 

Thermocouple yee ks! 11.790 

6 Pressure Gage 0 - .5 psi 54° OF 12.330 

Thermocouple 57° O° 12.330 

7 Pressure Gage O- .5 psi 45° o' 12.330 

Thermocouple 48° o' 12.330 

8 Pressure Gage O- .5 psi 62° 0! 12.870 

Thermocouple 65° o' 12.870 

9 Pressure Gage 0 - .5 psi she o' 12.870 

Thermocouple 57° 0! 12.870 

10 Pressure Gage 0 - .5 psi 46° 0! 12.870 
Thermocouple kg? 0! 12.870 

11 Pressure Gage 0 - .5 psi 65° 0! 13.275 
Thermocouple 68° 25! 13.275 
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Pressure Gage 
Thermocouple 


Thermocouple 


Pressure Gage 
Thermocouple 


Pressure Gare 
Thermocouple 


Pressure Gage 
Thermocouple 


Pressure Cage 
Themzocouple 


Pressure Gage 
Tnermocounle 


Pressure Gage 
Thermocouple 


Pressure Gage 
Thermocouple 
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TABLE II - (continued) 
NODEL GAGE LOCATION - PHA 


Ten - § ASE IT 
55° 
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